A suitable chemically defined culture medium was selected and some optimal conditions for the production of the highly immunosuppressive compound, cyclosporin A (Cyc A) are reported. Medium of the following composition was favorable for the production of Cyc A by Fusarium roseum: glucose, 30; NaNO 3 , 2; KH 2 PO 4 , 1; MgSO 4 .7H 2 O, 0.5 and KCL, 0.5 (g/l). Maximum productivity of Cyc A was achieved at pH 6.0 when 50 ml of the fermentation medium/250 ml flask, inoculated with five fungal agar discs (6 mm, diameter) of 7-days old F. roseum culture after incubation at 30 ºC at 120 rpm for 7 days.
INTRODUCTION
Cyclosporins are a family of neutral, highly lipophilic, cyclic undecapeptides containing unusual amino acids (36, 37) .
They can be produced in a fungal fermentation process by aerobic filamentous fungi which were originally classified as Trichoderma polysporum (Link ex Pers.) Rifai (12) and more recently as Tolypocladium inflatum W. Gams (16) or Beauveria nivea Von Arx (35) .
Cyclosporin A (Cyc A, Figure 1 ), the main representative of the series, is a potent antifungal and immunosuppressive compound (7, 17) that has been widely used to diminish transplant rejection (6) and control some autoimmune diseases (33) . Production of cyclosporin Cyc A biosynthesis is catalyzed by a single multienzyme polypeptide (20) , the so-called cyclosporin synthetase which has a molecular mass of about 1400 KDa (30) . This enzyme synthesizes Cyc A by a thiotemplate mechanism starting from the precursor amino acids in their unmethylated form (20) .
Many attempts have been made to optimize Cyc A production, including immobilization (32) and solid state fermentation (26) . However, even though the enzymatic production of cyclosporin has already been established and proven (5) , submerged fermentation production is normally used, owing to the complexity involved in enzymatic synthesis.
The organisms that are known to produce Cyc A include
Tolypocladium inflatum (14) , Fusarium solani (29) Neocosmospora varinfecta (24) and Aspergillus terreus (28) . In this paper, we briefly describe the optimum fermentation conditions and medium requirements necessary for Cyc A production by Fusarium roseum, a microorganism that has not yet been studied for this target.
MATERIALS AND METHODS

Microorganism
Fusarium roseum CZ1 was locally isolated from a soil sample cultivated with clover (Trifolium alexanderinum) and identified to the species level according to Booth (8) and Domsch et al. (13) . Potato dextrose agar (PDA) was used for isolation and maintenance of the experimental fungus.
Cultivation Conditions
To select the proper fermentation medium which supports successful Cyc A production, a total of six types of media (Table 2 ) differing in the composition of their constituents were tested. A fungal agar disc (6 mm, diameter) of 7-days old culture was introduced into a 250 ml flask containing 50 ml of the autoclaved broth medium. The culture flasks were incubated at 30 ºC for 7 days. In the effort to increase Cyc A yields, several experimental conditions were tried. at 200 MHz using tetramethylsilane as an internal reference.
Chemical shifts are expressed in ppm ( ) units.
All experemints were conducted in triplicates and the mean ± standard deviation (SD) of these triplicates was calculated.
RESULTS
H NMR Spectra
In the present study, the resultant crystalline Cyc A from 
Optimization of Cultural Conditions
Suitability of the Cultivation Medium: The results given in Table 2 indicate that Czapek-Dox's broth medium supplemented with 0.5 % yeast extract proved to be the most suitable and conductive medium for the production process where it yeilded 11.45 mg Cyc A/ l. However, the maximum mycelium growth (7.58 g/ l) was recorded on yeast-sucrose broth medium. Therefore, yeast extract supplemented CzapekDox's medium was used as a working medium throughout the present study.
Our results indicated that high concentration of the synthesized Cyc A by the experimental organism was produced in the culture filtrate (11.45 mg/ l) and a lower level was produced in the fungal mycelia (1.51 mg/g biomass) after cultivation of the fungus in yeast extract supplemented CzapekDox's medium for 7 days at 30 ºC. Hence, the present study was directed to optimize the production of Cyc A from the culture filtrate of the experimental organism. Production of cyclosporin 
Effects of the Medium Volume:
It is evident from Figure   5 that the dry cell weights increased with the increase in culture volume till maximum values (9.54 g/ l) when a 250 ml-flask containing 75 ml fermentation medium was used. The highest Cyc A level (22.46 mg/ l) was obtained by using 250 ml-flask containing production medium equal to 50 ml, afterwhich; the further increase in the size of the fermentation medium to 75 ml or 100 ml /250 ml flask is accompanied with a decrease in the Cyc A concentration. 
Effects of Carbon Sources:
The effects of various carbon sources on the production of Cyc A were investigated (Table   3 ). Glucose was found to be the most effective substrate proved to be suitable for production of Cyc A (2, 28).
Most reports have been made of the production of Cyc A in the culture filtrates (1, 12, 14, 18, 21, 29) . However we found two papers reported the extraction of Cyc A from the culture filtrates and mycelia of both Tolypocladium species (4) and Aspergillus terreus (28) . Our results showed that high concentration of the synthesized Cyc A by F. roseum was produced in the fungal culture filtrate and a lower level was produced in the fungal mycelia.
In the present study, it was observed that the agitation rate (22) showed that the best yield of Cyc A was obtained at pH 5.7. Some reports used the incubation temperature at 27 ºC for production of Cyc A (18, 28, 38) . The maximum Cyc A production has been reported to vary with respect to the fermentation time course, where Sakamoto et al. (27) found that the best time span for Cyc A production was 10 days, Isaac et al. (18) found that 12 days of growth is a good period for Cyc A production from T. inflatum UAMH 2472. On the other hand, Traber et al. (34) found that 14 days is the best period for maximal production of Cyc A from T. inflatum NRRL 8044.
Our data revealed that maximum production of Cyc A was obtained after 7 and 9 days, respectively; then decreased after 9 days and gave the same relative levels at the fermentation period (10-14 days) then decreased after 16 days of incubation.
Cyc A is not generally produced during the vegetative mycelial growth stage, but is generated only in the later pellet production stage (19) . Our study showed that Cyc A production is affected by the number of inoculated fungal agar discs and medium size. A 250 ml flask containing production medium Production of cyclosporin equal to 50 ml afforded the highest relative yield of Cyc A. In accordance with this result Abdel-Fattah et al. (1) and Lee et al. (21) used the same volume of the production medium.
However, Zocher et al. (38) and Agathos et al. (2) found that 250 ml flask containing 100 ml production medium gave the highest Cyc A yield. The optimum size of the inoculum for the highest Cyc A production was varied in the previous studies,
where some reports showed that 3 % of spore inoculum generated the highest level of Cyc A productivity (21).
However Chun and Agathos (11) and Abdel-Fattah et al. (1) used 5 % inoculum size for Cyc A production, others reports showed that the best yields of Cyc A were obtained at 10 % inoculum size (2, 19) . In our study we found that the maximum concentration of Cyc A was obtained on inoculating 50 ml production medium with 5 fungal agar discs (6 mm, diameter) of 7-days old F. roseum culture.
With regard to the effect of different carbon substrates on Cyc A productivity by F. roseum, glucose (3 %, w/v) was found to be the most favourable source for production of the highest concentration of Cyc A. These results were found to be parallel to those of many reports which showed that glucose as a carbon source (2-3 %) is the most suitable source for the highest production of Cyc A (3, 4, 11, 26, 31) , however, Isaac et al. (18) found that sorbose (2 %) followed by glucose (2 %) were the most favorable carbon sources for maximum production of Cyc A by T. niveum UAMH 2472.
Most previous studies showed that peptone (1%, w/v) was the most optimum nitrogen source for production of the best yield of Cyc A from Tolypocladium species (3, 4, 11, 31, 32), however Isaac et al. (18) found that 1 % vitamin assay Casamino acids was the optimum nitrogen source for maximum productivity of Cyc A by T. niveum UAMH 2472, although casitone or peptone gave good yields. In our study we found that the highest Cyc A productivity (ranged from 25.41 to 27.43 mg/ l) was obtained from F. roseum by using sodium nitrate (0.2 %, w/v) and the Cyc A concentration produced in the presence of peptone was approximately, 59.3 % of that produced in the presence of sodium nitrate, as nitrogen sources.
A previous study (29) reported that Cyc A concentration of 2.5 mg/ l was produced by F. solani in potato dextrose broth and lower yields were obtained in Richard broth.
In conclusion, the present study investigated the selection of cultivation medium that resulted in enhancing the production of Cyc A by F. roseum, a new Cyc A-producing isolate. In addition, some optimal nutritional and physicochemical conditions for the production of Cyc A were also described. It was observed that the highest productivity of Cyc A was maintained when the fermentation process was carried out using a medium formulation composed of (g/ l): glucose, 30; NaNO 3 , 2; KH 2 PO 4 , 1; MgSO 4 .7H 2 O, 0.5; KCL, 0.5, pH 6.0, in a size up to 50ml/250ml capacity flask, inoculated with five agar discs (6 mm, diameter) of 7 days old F. roseum culture, and incubated at 120 rpm for 7 days.
